This study analyzed the postoperative results of surgical treatment for thoracic and cervicothoracic myelopathy caused by ossi®cation of the posterior longitudinal ligaments (OPLL) or ossi®cation of the yellow ligaments (OYL) in 22 patients using magnetic resonance imaging (MRI), myelography and computed tomography (CT). Anterior procedures were performed in 11 patients for OPLL, while posterior approaches were adopted for the management of 11 patients for both OYL and OPLL combined with OYL lesions. Clinical symptoms were improved using both anterior and posterior techniques. MRI and myelo-CT studies, which show the direction of cord compression, the form and extent of the lesion, and the degree of thoracic kyphosis, are very useful when the surgical procedure for OPLL and OYL in the thoracic and cervico-thoracic spine is selected.
Introduction
Thoracic myelopathy caused by ossi®cation of the posterior longitudinal ligament (OPLL) or ossi®cation of the yellow ligament (OYL) is rare in comparison with cervical myelopathy. However, several reports suggest that surgical management is the most eective treatment for thoracic myelopathy. 1 These surgical procedures are not discussed in detail.
This study analyzes the postoperative results of anterior and posterior approaches to OPLL and OYL in the thoracic and cervico-thoracic spine. The objectives of this study are to evaluate which procedure is most useful for the treatment of OPLL and OYL in the thoracic and cervico-thoracic spine using magnetic resonance imaging (MRI), myelography and computed tomography (CT).
Materials and methods
Between 1981 and 1992, 36 patients had surgery for OPLL and OYL in the thoracic and cervico-thoracic spine. A 2 year follow-up was obtained in 22 of these individuals. Anterior procedures were performed in 11 patients, while posterior approaches were adopted for the remaining 11 (Tables 1 and 2 ). These 13 women and 9 men, with a mean age of 56, were followed for an average of mean 56 months. In 11 patients, lesions involved the upper thoracic spine, eight occurred in the middle thoracic spine, and three in the lower thoracic spine.
Anterior procedures were performed in 11 patients with ventral compression only by OPLL. Upper thoracic lesions were treated in one patient, middle thoracic in eight, and lower thoracic in two patients. Anterior decompression and fusion was accomplished using a transthoracic approach in 10 patients and a median sternotomy in one. Following resection of the vertebral body, OPLL was shaved using the surgical airtome under the microscopic view. At the end of the decompression, a thin layer of OPLL was left¯oating on the dura. Autologous bone grafting was accomplished using ®bula, iliac bone, or rib.
A laminectomy was completed in 11 other patients with OPLL (®ve patients) and OYL (four patients) of the upper thoracic spine, and combined OPLL and OYL lesions involving the upper (one patient) and lower thoracic spine (one patient). Anterior decompression through a posterior approach, shaving OPLL and posterior part of the vertebral body using surgical airtome after en bloc laminectomy and resection of the medial third of pedicle on both sides, was also performed in a patient with both OPLL and OYL involving the lower thoracic spine.
Pre-and postoperative clinical symptoms were assessed using the Japanese Orthopaedic Association (JOA) cervical myelopathy score system, omitting the six points concerned with the upper extremities (Table 3 maximum score: 11 points).
The thickness of the ossi®cation was also assessed using preoperative magnetic resonance imaging (MRI) and computed tomographic myelography (CTM), and was divided into thick, moderate, or thin type.
Results
For the 11 patients with OPLL only in the thoracic spine treated using anterior procedures, the clinical symptoms and JOA scores improved in nine, but were unchanged in the two patients, who had previously undergone a cervical laminectomy. Their mean JOA scores increased from 4.9 to 7 postoperatively.
Complications of anterior surgery included intraoperative cerebrospinal¯uid (CSF) leakage (four cases), postoperative CSF ®stulae (two cases), and recurrent laryngeal nerve paralysis. Intraoperatively, CSF ®stulae were not easily controlled using a compressive technique of soft tissue adhesive, ie Biobond (Yoshitomi Pharmaceutical Industries Ltd., Osaka). Where CSF ®stulae persisted postoperatively, following a week of lumbar spinal drainage, a further operation was performed. Recurrent laryngeal nerve paralysis, which occurred in the patient having the median sternotomy, 2 recovered a few months after surgery on the vocal cords.
For the 11 patients with long continuous OPLL in the cervico-thoracic spine or OYL and OYL combined with OPLL in the thoracic spine treated with posterior techniques, clinical symptoms improved in all of 11 patients. Their mean JOA scores increased from 6.2 to 9 postoperatively. There also appeared to be no obvious advantage to either of the procedures employed.
Complications such as CSF leakage, CSF ®stulae and recurrent laryngeal nerve paralysis, experienced in those approached anteriorly, were not detected following posterior procedures. 
Case reports
Case 1 A 66-year-old woman had complained of bilateral numbness of the lower extremities since 1990. Clinical symptoms gradually worsened and she could not walk 3 years later. MRI and CTM showed OPLL in the cervical and thoracic spine, and laminoplasty 3 was performed between C1 and T1 in July, 1993. Numbness below the level of T7 and urinary incontinence continued after the operation. MRI and CTM after laminoplasty demonstrated anterior compression of the spinal cord between T3 and T7 ( Figure 1) . Therefore, anterior decompression was performed from T3 to T7 using a transthoracic approach, and bone graft using a piece of ®bula was carried out. Postoperative CT showed sucient decompression of the spinal cord and a postoperative radiogram showed the grafted bone union (Figures 2  and 3 ). The clinical symptoms slightly improved and the JOA score increased from 2 to 3. 
Case 2
A 56-year-old man complained of gait disturbance and weakness of both lower extremities. Preoperative MRI and CTM showed OPLL in the cervical spine and T1 ± T3 OYL. Laminoplasty was performed between C1 ± C7 and laminectomy between T1 ± T3 were performed (Figure 4a,b, Figure 5 ). Although clinical symptoms improved postoperatively, the JOA score only increased from 10 to 11.
Case 3
A 52-year-old man presented with the gradual onset of numbness and weakness of the lower extremities. MRI and CTM showed anterior thoracic T8 ± T9 cord compression due to OPLL and dural compression between T9 ± T12 by OYL (Figures 6 and 7) . Laminoplasty between T8 and T12 and anterior decompression through a posterior approach at T8 ± T9 were performed (Figure 8 ). The patient's JOA score increased postoperatively, but only from 2 to 4. 
Discussion
Ossi®cation of spinal ligaments, such as OPLL and OYL in the thoracic spine, is usually asymptomatic when lesions are small and thin and there is no cord compression. However, once myelopathy in the thoracic and cervico-thoracic spine appears due to OPLL, OYL and combination of both, conservative management is not eective and surgical treatments are required. Thoracic surgical approaches are divided into predominantly anterior and posterior techniques. 4 ± 9 Anterior procedures 10 include the transthoracic approach, 11 median sternotomy, 2 transsternal approach, 12 anterior decompression through the posterior approach 13 and Micheli approach, 14 while posterior techniques include the laminectomy. 15 When an operative approach is selected, the type and location of compression, its form and extent, and the degree of thoracic kyphosis must be taken into consideration.
Anterior lesions, such as OPLL in the upper thoracic spine, may be decompressed using either anterior or posterior procedure. However, Hanakita et al suggested that laminectomy was generally ineective for the management of thoracic myelopathy and occasionally precipitated clinical worsening especially in the presence of predominant anterior OPLL pathology. Stillerman and Weiss 16 observed that laminectomy used to treat thoracic disc herniations led to poor results and therefore was not a suitable approach for anterior thoracic lesions. Simeone et al 17 also reported that posterior procedures for anterior thoracic lesions were quite dangerous.
Subsequently, anterior procedures were chosen to address upper thoracic OPLL. For the upper thoracic spine, the median sternotomy and transsternal approaches were employed. However, for long continuous OPLL extending from the upper cervical spine to the thoracic spine, posterior procedures were more suitable than anterior alternatives. For patients with anterior lesions, anterior transthoracic approaches should be selected.
Furthermore, anterior lesions of the middle and lower thoracic spine should be decompressed anteriorly. This is feasible as the spinal cord in these regions is more anterior due to the thoracic kyphosis. 18 Consequently, anterior procedures are suitable for OPLL at any level of the thoracic spine without regard to the form and extent of the lesions except long continuous OPLL in the cervico-thoracic spine.
Posterior lesions of the spinal cord, such as OYL, can be easily decompressed at any level of the thoracic spine using posterior procedures.
Combined lesions of OPLL and OYL are also usually decompressed using posterior procedures. However, in patients with large and/or thick OPLL compressive lesions, both anterior and posterior procedures will often be necessary to achieve adequate cord decompression.
There were no obvious dierences in postoperative results noted for the 22 patients having either anterior or posterior surgery. Although clinical symptoms were improved in 20 patients, the improvement was often minimal. Clinical symptoms were unchanged in two patients who showed deterioration of neurological symptoms after a cervical laminectomy. Their unfavorable outcome showed that the surgical treatment in the thoracic and cervico-thoracic spine was not sucient for a patient with deteriorated neurological symptoms after the operation in the upper level. At the present time, we have not yet attempted the neurophysiological tests such as evoked potential studies. We will attempt them in the near future, because it must be necessary to decide the decompressive levels for myelopathy in the thoracic and cervico-thoracic spine.
In conclusion, it is critical to choose appropriate surgical procedure when addressing OPLL and/or OYL contributing to myelopathy in the thoracic and cervico-thoracic spine, and CTM and myelo-CT studies are useful when the surgical procedure is selected.
